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(54) [Name of invention] Multi Beam Antenna Feeding Circuit 
(57)[Abstract] 

[Subject] Current multi beam feeding circuit requires variable phase shifters and 
variable attenuators in proportion to the multiple of numbers of the beam and element that 
the circuit is going to be large size, and need to controls huge numbers of the element for 
scanning to the beams. 

[Solving Method] This invention has main feature of the feeding circuit of multi phased 
array antenna to be made by the assembling the Butler Matrix and pre-circuit for solution 
above subject. The pre-circuit is the array of the variable coupling ratio electric divider 
(variable electric divider) that supplies signal to the plural input port of the Butler matrix 
simultaneously. Adjust coupling ratio of the power divider to be weighted signals feeding 
to the Butler Matrix at pre-circuit that given function of the scanning to the antenna 
beams. The structure is adding the pre-circuit to the Butler Matrix, the circuit does not 
complex in proportion to multiple of the number of the beam and elements of array that 
shall keep simplified circuit structure. 

[Area of Patent Claims] 

[Claim 1] The Multi Beam Antenna Feeding Circuit featuring of configuration of 
integrated connections including; The structure consists by (N-l) pieces ( N = integer of 
positive ) of the array of one input and two output of the variable power divider, And N 
pieces of the array of the two inputs and one output of the power combiner. And shall 
connect input port of the number k( 1 < k < N-l, k = integer of positive) to the variable 
power divider of the number k. Then, divide signal into two signals at the any of dividing 
ratio with keeping the signals in-phase between output signals, Shall connect output of 
one side of variable power divider of number k to the one side of the input of the power 
combiner of the number k, And the (N-l) input and N output pre-circuit that is configured 
connecting other output of the variable power divider of number k to other input of the 
power combiner of number (k+1) respectively including configuration all above, And, the 
N pieces of the phase shift array, And the N input and N output of Butler Matrix. 

[Claim 2] The Multi Beam Antenna Feeding Circuit featuring of configuration of 
integrated connections including; The structure consists by (N-2) pieces ( N = integer of 
positive ) of the array of one input and two output of the variable power divider, And (N- 
1) pieces of the array of the two inputs and one output of the power combiner. And shall 
connect input port of the number k ( 1 < k < N-2, k = integer of positive) to the variable 
power divider of the number k. Then, divide signal into two signals at the any of dividing 
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ratio with keeping the signals in-phase between output signals, Shall connect output of 
one side of variable power divider of number k to the one side of the input of the power 
combiner of the number k, And the first pre-circuit of (N-2) input and (N-l) output that is 
configured connecting other output of the variable power divider of number k to other 
input of the power combiner of number (k+1) respectively including configuration all 
above, And the (N-l) pieces of the Array of the One Input Two Output Power Divider, 
And the N pieces of the Array of the Two Input One Output Power combiner, And shall 
connect input port of the number k' ( 1 < k' < N-l, k' = integer of positive ) to the power 
divider of the number k'. Shall connect a output of the power divider of the number k' to 
a input of the power combiner of the number k', And shall connect other output of the 
power divider of the number k' to other input of the power combiner of the number 
(k'+l), And the second pre-circuit of (N-l) input and N output that is configured 
connecting other output of the power divider of number k' to other input of the power 
combiner of number (k'+l) respectively including configuration all above, And, the N 
pieces of the phase shift array, And the N input and N output of Butler Matrix. 

[Claim 3] The multi beam antenna feeding circuit that structured per claim 1 or claim 2 
above including; First 90° Hybrid that is divided at equal signal strength from the 
variable power divider described as above, And second 90° that combines signals of with 
and without through variable phase shifter that is divided from above first 90° Hybrid 
described as above. 

[Claim 4] The multi beam antenna feeding circuit that structured per claim 1 or claim 2 
above including; The Wilkinson Power Divider that the variable power divider described 
above shall divide and output signals equally in-phase. And the 90° hybrid that shall 
combine signals through variable phase shifter and 90° phase shifter that are divided and 
output from Wilkinson Power Divider. 

[Details of the Invention] 

[0001] 

[Technical Area of Invention] This invention is concerning to the feeding circuit of the 
multi beam antenna especially to the feeding circuit of the phased array antenna that 
makes transmission or receiving of multi beam. 

[0002] 

[Current Technology] The array antenna is consists by plural antenna element that 
handles as one antenna with supplying signals to the antenna elements simultaneously. 
At the phased array antenna, controls the amplitude and phase (driven amplitude phase 
distribution) to be added to the antenna elements that can change direction and pattern of 
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antenna beam. Especially, shall control phase of the signal to be fed antenna element for 
changing direction of antenna beam. 

[0003] Fig. 1 describes scanning of the antenna beams under controlling amplitude phase 
distribution that example located antenna elements of the N elements linear array antenna 
in the equal span on the first dimension. Explain for transmitting antenna as an 
example. The out put of the high frequency signal source 101 is that; shall input to 1:N 
power divider 102. The respective output of the 1:N power divider are connected to the 
variable phase shifters 103^103,^ and to antenna elements 104,-104^,. The phase (delay) 
of the signal to be supplied to the antenna elements 104,-104^, are set as 0, 0+A0, 
0+2A0, . . ., 0+ (N-1)A0 by variable phase shifters 103,~103 N . That is, the delay of the 
phase indicated on the tolerance A0 arithmetical series shall be supplied to the each 
antenna elements. Accordingly, radiated radio wave from array antenna shall be like 
equiphase front of the radio wave 105 when described equiphase front, and the direction 
of the main beam 106 shall be angle 9 from direction 107 of front of antenna. The radio 
wave shall be radiated maximum at direction angle 9 . The angle 9 shall satisfy the 
requirement of vector radio wave in-phase that is radiated from N pieces of antenna 
elements and; 

[0004] 

kdsin0 = A0 (1) 

[0005] Supplied it by (1). k is number of wave, d is span of antenna elements, and A0 is 
different of phases between adjacent elements. According to the formula (1), the 
direction 9 of antenna beam at A0 = 0 shall be zero that the direction 106 of radio wave 
shall match to front direction 107 of antenna. The 0 shall move away from direction of 
front of antenna 107 when absolute value of A0 is moving larger. Also, the antenna beam 
shall moving down at A0 > 0, and moving up at A0 < 0. At the phased array antenna, the 
direction of the main beam slant of the phase distribution of the high frequency signals for 
driven antenna elements. Explain transmitting antenna with explanation as above. Also, 
the theory of this antenna beam scanning described here can be realized even for 
receiving antenna. 

[0006] The antenna that able to transmit and receive simultaneously is so called multi 
beam antenna. Fig. 2 shows the example of the structure of the phased array antenna that 
shall creating M pieces of the antenna beam under N pieces of the antenna element of the 
array antenna. The antenna for transmitting and receiving of multi beam is called as multi 
beam phased array antenna under explanation below. 
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[0007] The circuit is consists by M pieces of independent high frequency signal source 
101 a, -101 a^ M pieces of 1 : N power divider 102a 1 -102a M , M pieces of array of variable 
attenuator (N pieces of array) lOSaj-lOSa^ inter connection circuit 109 of (M x N) input 
and (M x N) output, N pieces of M : 1 power combiner 110a 1 -110a N and N pieces of 
antenna element 104a 1 -104a N . 

[0008] As the example, the output of high frequency signal source 101a, shall be input to 
1 : N power dividing circuit shall be divided by N pieces. The output divided by N pieces 
shall be connected to array 103 a, of variable phase shifter and variable attenuator 108,, 
phase and amplitude shall be set for creating antenna beam of required beam direction and 
pattern. The theory of the setting of phase value is same as explanation about phased 
array antenna of single beam as described above. The variable attenuator is used for 
forming of beam pattern. Regarding to the rest of high frequency signal source 
lOla^lOlaj^ that are connected to 1 : N power divider 102a 2 ~102a M , array lOSa^lOSaj^ of 
variable attenuator and array 103a 2 -103a M of variable phase shifter that the phase of the 
high frequency signal and value of the amplitude for forming antenna beam per 
requirement. 

[0009] The total (N x M) pieces of high frequency signal is a output of variable phase 
shifter and attenuator that shall be input to the interconnection circuit 109 that has (N x 
M) pieces of input and output terminals. The N pieces of M:l power combiners 
1 10,-1 10 M shall be connected after interconnection circuit 109. The interconnection 
circuit 109 follows the array 108, (1 < I < M) of number i of variable attenuator that has 
task of connections its first output to Mil power combiner 110,, second output to M:l 
power combiner 110 2 and so forth, and number N output to number N of M:l power 
combiner 110 N . The respective signals relating to M pieces of corresponding to the 
respective beam shall be gathered. The respective output of M:l power combiners 
1 10,-1 10 M shall be amplified by power amplifiers 111,-111 N , and fed to the antenna 
elements 104a,-104a N . The radiated radio wave from antenna elements to spatial that 
shall forms M pieces of independent beam. 

[0010] On the circuit Fig. 2, there is unrestricted settings of the form and the M pieces 
beam direction due to the arrays 108,-108 M and arrays 103a,-103a M . However, N x M 
pieces of variable phase shifter and variable attenuator are required for the feeding circuit 
of M beam N element, and its number shall be extremely many in case of many numbers 
of beam and antenna element. The interconnection circuit, however, shall be 
complicated consequently. Furthermore, vector loss of the high frequency signals at the 
M: 1 power combiners 1 10,-1 10 N going to be problem. The output level corresponding to 
the level of individual input signal is 1/M even implemented ideal performance of M:l 
power 
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combiners, the attenuation of signal at the large numbers of beam going to be remarkable 
defect on the signal transmissions. 

[0011] At the multi beam phased array antenna, use of the Butler matrix can be 
considered for feeding circuit in case of fixed beam. The Butler matrix is the high 
frequency matrix circuit that has offered at the reference book of J. Butler and R. Lowe, 
"Beam-Forming Matrix Simplified Design of Electronically Scanned Antennas", 
Electronic Design, Vol. 9, pp. 70-173. Apr. 1961. Butler Matrix incorporates plural 
(power of 2) input port and output port, and structured with connection of the hybrid 
circuits and fixed phase shifter with the multiple integration. The high frequency signal 
to be fed to the designated input port shall be divided in equal signal strengthen with all 
output ports, and contains phases to be indicated in the arithmetical progression series. 
The respective output ports are connected to the antenna elements, and the signal is 
radiated in the space that certain direction of the beam shall be formed which 
corresponding to the assigned distribution of phases. The high frequency signal contains 
different tolerance of respective input port shall appear on the output ports, the beam to be 
radiated to the different direction shall be formed when input signals into different input 
port of Butler matrix. 

[0012] Fig. 3 is the example of the diagram of the 8 inputs and 8 outputs Butler Matrix 
circuit. The signal shall be fed to the 8 elements array antenna, and can form beams to the 
8 different directions when selects input ports. The circuit is consists by 12 pieces of 90° 
Hybrid 1 13,-1 13 12 and fixed Phase Shifters 1 14,-1 14 16 that contains the High Frequency 
Input Ports 1 12,-1 12 8 (4L, 3L, 2L, 1L, 1R, 2R, 3R, 4R). Shall supplies high frequency 
signal to one of the input ports 112,-1123, the signal shall be divided into two by one of 
the 90° Hybrid 113,-1134, and given delayed phase by two of the fixed Phase Shifters 
1 14,-1 14 8 . Two signals are input of the 90° Hybrid 113 5 -113 8 and to be divided by two 
again into 4 signals. The 4 signals shall be given delayed phases by 4 of the fixed Phase 
Shifters 114 9 -114, 6 . These signals shall be input respectively to 90° Hybrids 113 9 -113, 2 
and to be divided by two and to be eight finally. According to the repeated dividing of 
signals of 90° Hybrids and delayed phases by fixed Phase Shifters, shall exhibit signals 
which contain phases to be indicated by the other arithmetical progression series to the 
output ports relating to the respective input ports. 

[0013] Fig. 4 is the antenna beam patterns of the multi beam that are formed by the 8 
elements Butler Matrix of the Fig. 3. The patterns are calculated subject to the direction 
of the antenna elements as omni-direction and the span of the each antenna element as 
half-wave. The patter exhibits independent 8 beam forming of -61°, -38.7°, -22°, -7.2°, 
7.2° 22°, 38.7° and 61° with corresponding to the input of High Frequency Signal Input 
Ports 
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1 12 r 1 12 8 (4L, 3L, 2L, 1L, 1R, 2R, 3R and 4R) respectively. Those are named as 4L, 3L, 
2L, 1L, 1R, 2R, 3R and 4R respectively in the Fig. 

[0014] There are restrictions on the multi beam forming circuit using Butler Matrix that 
the beam spans and formable beam directions are fixed, and the numbers of the input port 
and output port are equal and power of 2. However, at the number of the port of the input 
or output as M, the number of the components is the 0 (M x log M) order and the size of 
the circuit shall not be increased tremendously even of the antenna array of multi beam 
multi elements. There was problem of power loss at power combiner 1 10 on the circuit of 
Fig. 2. However, Butler Matrix is theoretically no loss that is positive factor. 

[0015] 

[The Subject of Solving by Invention] 

The Butler Matrix that is explained on the above paragraph can incorporate very few 
numbers of the elements of the circuit compared with feeding circuit of the multi beam 
phased array antenna under regular structure shown on the Fig. 2. 

[0016] However, there is restriction that the formed beam shall be fixed direction and 
span. 

The multi beam feeding circuit of ordinal structure is shown on the Fig. 2 that can form 
the beam of any direction and pattern theoretically, but requires proportional numbers of 
variable phase shifter for multiple numbers of the beam and elements that are huge size, 
and the controls of those huge numbers of element is necessary for scanning the beams. 

[0017] This invention is offering the beam forming circuit for the multi beam phased 
array antenna with following features. 

(1) Supplies appropriate ability of beam scanning to the circuit without increasing power 
loss in the circuit or its size of circuit. 

(2) Shall simplify controls for beam scanning, and doing one beam scan by one element 
of control. 

(3) Shall not deteriorate level of side lobe by beam scanning. 
[0018] 

[Solving Method of the Subject] Under this invention, the feeding circuit of multi beam 
phased array antenna shall be principal feature that to be realized by combination of pre- 
circuit and Butler Matrix. The pre-circuit is the array of the electric divider (variable 
power divider) that shall varies coupling ratio that shall feeds signals to the plural input 
ports of the Butler Matrix. Shall adjust coupling ratio of the power divider at the pre- 
circuit that shall add the weight to the signals to be fed to the Butler matrix, keep the 
function of scan 
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antenna beams. The formable direction and span of antenna beams are fixing under the 
current Butler Matrix. That Butler matrix can be variable function under this invention 
that is different with current technology. Entire circuit is the structure of just adding pre- 
circuit to the Butler Matrix that shall keep simplicity of the structure of circuit without 
complication due to the proportion of the multiple of the number of beam and elements. 

[0019] Under the paragraph of the current technology on the Fig. 1, explained the 
direction of the main beam of the antenna can be changed by the changing slant of the 
amplitude phase pattern that shall be indicated as arithmetical series on the antenna 
elements respectively. 

[0020] The different slant phase patterns can be obtained at respective input ports on the 
Butler Matrix. Fig. 5 shall show the excitation phase distribution that is the value of the 
phase of the high frequency signal to be appeared on the each antenna elements when fed 
signals to the respective imports of the Butler matrix of 8 inputs and 8 outputs. 

However, the Butler Matrix of Fig. 3 is improved to Fig. 6 for the phase adjustment of the 
absolute value of all phases to be united at the center (center of the 4th and 5th antenna 
elements) of the effective area of array antenna. Fig. 6 shows 8 elements Butler Matrix 
which shall added arrays of fixed phases to the input area for obtaining result of Fig.5. 
The difference with Butler Matrix shown on the Fig. 3 is that incorporate arrays of fixed 
phase shifters 114 17 ~114 24 newly between High Frequency Signal Input Ports 112,-1123 
and 90° Hybrids 1 lSj— 1 13 4 . At the effective area of the antenna, the signals with phase 
differences of -157.5°, -112.5°. -67.5°, -22.5°, 22.5°, 67.5°, 112.5°, 157.5° shall be 
obtained between elements when input high frequency signals to each input port of Fig. 6 
respectively according to the Fig. 5. The signal strengths to be appeared on the each 
output ports are consistency that does not matter elements. The antenna beam with 
different direction will be formed due to the difference of the exciting distribution as 
noted above. That is, the specific beam direction shall be formed when fed signals to an 
input port, the input port and formed beam shall keep 1 : 1 relation. 

[0021] Let's think and evaluate about a high frequency signal source to be divided into 
two that is keeping in-phase between those signals, shall feed to the input port that forms 
adjacent beams at the above Butler Matrix. Described above the first excitation 
distribution shall be obtained when fed the signal to the first input port, and the other 
second excitation distribution shall be obtained when fed signal to the send input port out 
of two ports. Feeds signals to these two input ports simultaneously, availability of the 
intermediate slant signal can be guessed. Moreover, the slant of the phases of output ports 
can be controlled at between slant of the first excitation distribution and slant of second 
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excitation distribution by the change of the branch ratio of the feeding signals to the two 
input ports. The excitation distribution and antenna beam shall corresponds 1:1, the beam 
with middle direction to be corresponding to the first input port and second input port can 
be formed when fed signals to the two input ports simultaneously. The scanning of beam 
direction can be made in the area between first beam and second beam when add weights 
to the signals to be fed simultaneously that is fundamental principal. 

[0022] The above theory is: Shall divides output of a high frequency signal source to N 
pieces, and shall input signals to the N pieces of input port simultaneously, that signals 
are formed as adjacent beams at the Butler Matrix, that can be extended to use to the 
circuit for beam scanning, when weight of signals of N pieces of port shall be variable. 

[0023] 

[Form and Operation of Invention] Shall explains the feeding circuit that able to beam 
scan between directions of two beams when fed the signals to the input port that forms 
adjacent two beams of the Butler Matrix as follows. 

[0024] Fig. 7 is showing the diagram of entire circuit in case of using 8 elements Butler 
Matrix per example on the Fig. 1 under this invention, the circuit has consisted by the part 
of the Pre-Circuit 120 and the part of the Butler Matrix 116. 

[0025] The Pre-Circuit 120 to be connected following to that the number of the ports of 
input or output of the Butler Matrix as N (N = 8, here), normally it is the circuit that 
contains (N-l) pieces of input ports 112a,~112a N and N pieces of out put ports 
1 15a,~l 15a,,,. The high frequency signal fed to the input port of the k (1< k < (N-l)) order 
of the pre-circuit shall appear on the (k+1) order output port of and the k order of the Pre- 
Circuit. The high frequency signal to be appeared on the output ports of the k order and 
the (K+1) order against to the high frequency signal to be fed to the k order of input port 
that is consistency of the total combination of the power. And it is able to set any ratio of 
the distribution ratio. Also, the phases of the two high frequencies are always in-phase. 

[0026] The pre-circuit consisted by (N-l) pieces of the variable power dividers 1 18,-1 18 N 
and power combiners 1 19,-1 19 N . The high frequency signal fed to the k order of the 
input port of the Pre-Circuit shall be input to the k order of the variable power divider 
118k. 

[0027] The variable power divider is one input and two outputs circuit that can be set any 
distribution ratio for output that two signals of output shall be in-phase does not matter 
distribution ration. The structure of independent variable power divider shall be shown 
on 
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the Fig. 8a and Fig. 8b as two examples, and indicates the curve obtained by calculation 
on the Fig. 8c. 

[0028] The variable power divider on the Fig. 8a is consisted by 90° Hybrids 113a, and 
113a 2 , variable phase shifter 113b and the termination 121. The high frequency signal 
shall be fed to the 90° Hybrid 113a,. The 90° Hybrid is the 4 terminals network. The 
signal to be input to the 1st port shall be output with equal signal strength at the 3rd port 
and the 4th port. However, the output signal of 4th port has 90 degree phase delay against 
output signal of 3rd port when compared phase of signals of 3rd port and 4th port. The 
2nd port is connected termination due to non-use. The 3rd port of the 90° Hybrid 113, 
has connected to the 1st port of the 90° Hybrid 1 13a 2 through variable phase shifter 103b, 
and the 4th port of the 90° Hybrid 113a, has connected to the 2nd port of the 90° Hybrid 
1 13a 2 . The signal to be divided shall be combined again at the 90° Hybrid 1 13a 2 . 

[0029] At the phase delay to be fed by the variable phase shifter 103 is zero, the signal to 
be fed through the 3rd port of the 90° Hybrid 113a, - the variable phase shifter 103b - the 
1st port of the Hybrid 1 13a, to the 3rd port and the 4th port of the 90° Hybrid 1 13a 2 - the 
2nd port of the 90° Hybrid 113a 2 to the 3rd port are just in 180 degree phase that shall 
compensates phase each other. There is no output signal output accordingly. Besides, the 
signals to be fed through the 3rd port of the 90° Hybrid 1 13a, - the Variable Phase Shifter 
103b - the 4th port via the 1st port of the 90° Hybrid 1 133l 2 . And the signals through the 
4th port of the 90° Hybrid 1 13a, - the 4th port via the 2nd port of the 90° Hybrid 1 13a 2 
are in-phase. That shall increase vector each other. The all input signals shall be output to 
the 4th port of the 90° Hybrid 1 13a 2 . 

[0030] Also, in case of the 180 degree phase delay that is made by variable phase shifter 
103b, the signal to be fed through the number 3 port of the 90° Hybrid 113a, - variable 
phase shifter 103b - the 1st port of the Hybrid 1 13a 2 to the 3rd port and the 4th port of the 
90° Hybrid 113a, - the 4th port of the Hybrid 113a, to the 3rd port are in-phase that all 
input signals shall be output on the 3rd port of the 90° Hybrid 1 13a 2 . Besides, the signals 
to be appeared through the 3rd port of the 90° Hybrid 113a, - the variable phase shifter 
103b - the 2nd port of the 90° Hybrid to the 4th port of the 90° Hybrid 113a And the 
signal to be appeared through the 4th port of the 90° Hybrid 113a, - the 2nd port of the 
90° Hybrid 1 13a 2 to the 4th port are 180 degree phase that the output at the 4th port of the 
second Hybrid shall be zero. 

[0031] The Fig. 8c shows the plot of the signal strength of the two signals and its relative 
phases. It shall be appeared on the 3rd port (output port 115b, of the 1st high frequency 
signal) of the 90° Hybrid 1 13a 2 . And shall be appeared on the 4th port (output port 1 15b 2 
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two ports can be set in the any value when varied values of the variable phase shifter 
103b. Moreover, the relative phases of the signals between two ports are constantly zero 
between 0 to 180° of the phase delay of the variable phase shifter with no matter its value. 

[0032] On the variable power divider shown on the Fig. 8a, the structure can be changed 
with the 90° Hybrid 113a, to be replaced by Wilkinson power divider. The Wilkinson 
Power Divider 122 is the circuit consists by one input and two outputs. The circuit shall 
outputs two signals of equally divided in-phase signals of high frequency input signals. 
The circuits shown on the Fig. 8a and Fig. 8b are alternative and direct replaceable each 
other. The performance curve of the circuit of Fig. 8b is shown on the Fig. 8c. 

[0033] The N pieces of the power combiners 1 19^1 19 N are installed after the arrays of 
the (N-l) pieces of the variable power divider 118,-118^. The 1st output (the output 
from 2nd port) as is of the k order of the variable power divider 118 k shall be fed to the 
2nd input port (the 3rd port) of the k order of the power combiner 119 k . Also, the 2nd 
output (the output from the 3rd port) of the k order of the variable power divider 118k 
shall be fed to the 1st input port (the 2nd port) of the (k+1) order of the power combiner 
119 k+1 . The input terminal (the 2nd port) of the 1st power divider 119, and the 2nd input 
terminal (the 2nd port) of the N order of the power combiner 119 N are terminated due to 
the no-signal input. 

[0034] As explained on the above structure, the signal fed to the input port 1 12a k of the k 
order of the pre-circuit 120 is appeared at an any distribution ratio that is maintaining in- 
phase on the output port 115 k and 115 k+1 of the k order and the (k+1) order of the pre- 
circuit 120. The distribution ratio is variable due to the value of the variable phase shifter 
by inside of the variable power divider 1 18 k . 

[0035] The output (output of the 1st port) of the k order of the power combiner 119k are 
connected to the Butler Matrix 116 through the array 1 14^-1 14a„ of the fixed phase 
shifter respectively. 

[0036] The combination of the arrays 114^-1 14b^ of the fixed phase shifter and the 
Butler Matrix 116 is equivalent to the Butler Matrix 117 shown on the Fig. 6. The 
assignment of the array of the fixed phase shifter is for unification of the absolute phases 
of the center of the radiation of the array antenna for all input ports. 

[0037] Examined setting value of the fixed phase shifter 1 14a 1 ~114a N . Shows value about 
the 4, 8 and 16 elements of the Butler Matrix on the Fig. 11. However, the input ports of 
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Beams. The beam numbers shall be 1, 2, 3, . . . from nearest to the front direction 106 of 
the antenna as defined on the Fig. 1. The proceeding direction (equivalent to the main 
beam of the antenna) 106 of the radio wave shall indicate upper beam as L and lower 
beam as R per rules. 

[0038] The signals input to a port of the Butler Matrix shall be divided to the numbers of 
the array elements in the circuit that satisfied relation of the phase for forming the beam to 
certain direction. The k order beam shall be formed when feed signals to input port of the 
k order only. The k order beam and the beam adjacent to the (k+1) order shall be formed 
when fed signals to the input port of the (k+1) order only. In this case, input same signal 
to the input ports of the k order and the (k+1) order that the beam shall be formed 
direction of the middle of these orders. The beam direction is varied by the distribution 
ratio of the signals. For the example at the distribution ratio 1:1, the beam shall be 
formed at center between the k order and the (k+1) order. The beam shall come up to the 
direction of the k order beam if the signal of the k order port is strong. The beam shall 
came up to the direction of the k order beam if the signal of the (k+1) port is strong. In 
the special case, there is a case that centralizing the signals power to the (k+1) order port 
(The value of the variable phase shifter in the variable power divider 119 k is 0 or 180°.). 
The beams to the respective direction shall be formed in this case. 

[0039] The Fig. 9a and Fig. 9b are indicating the antenna patterns that are formed by the 7 
inputs and 8 outputs beam forming circuit per above. The antenna beam patterns are 
obtained by calculations. The direction of the antenna elements is as omni-direction, and 
elements spans are half-wave. In accordance with the setting value of the variable phase 
shifter, plot the beam pattern with the setting value j3 of the variable power dividers 
1181, 1182, 1183 and 1184 of the pre-circuit 120 as parameter. When setting value j3 is 
changed from 0 to 180°, the direction of the main beam shall move between -38.7° and - 
61° on the Fig. 9a, -22° and -38.7° on the Fig. 9b, and -7.2° and -22° on the Fig. 9c, and 
+7.2° and -7.2° on the Fig. 9d. The beam scan can be made at respective port 
independently. The other characteristics of the input ports of the pre-circuit are 
considerable as symmetrical that omitted indication. 

[0040] Fig. 10a and Fig. 10b are concluded about antenna beams that are formed and 
shown on the Fig. 9a~Fig. 9d, and plotted setting value j3 of the variable phase shifter as 
parameter that is beam direction, gain level of the 1st side-lobe and the beam half 
amplitude level. The beam direction is obviously variable due to the value of the variable 
phase shifter per 
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Fig. 10a. There are slight variations on the antenna gain due to the variations of the beam 
directions. The variations of the antenna gain are equal despite input ports. The antenna 
gain is going to be minimum at the j3 = 90° of the distribution ratio 1 : 1 that the level is 
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going to be small by -0.85dB relatively. The decline of the antenna gain due to the 
incorporation of the pre-circuit, that is, the power loss of the circuit is 3~3.86dB. From 
the Fig. 10b, the level to the main lobe of the 1 side lobe is j3 = 0°, and -12.8dB at 180° 
that level is j3 = 90°, that is, smallest value -24dB at distribution ratio 1:1. The variations 
are equal despite input ports. At this invention connecting the pre-circuit to the Butler 
Matrix, there is no deterioration to the level of the side lobe. The beam half-amplitude 
level is also varied in accordance with the variation of the level of the variable phase 
shifter. 

[0041] As above, explained structures and characteristics of the circuit about the multi- 
beam forming circuit for N elements (N-l) Beam that has used Bean Scanning Butler 
Matrix. Explained for transmission, but this circuit can also be used for the multi-beam 
forming circuit of the receiving antennas. 

[0042] Fig. 12 is showing the entire diagram of the 2nd example circuit of the actual use. 
The circuit is (N-2) input N output matrix Circuit that is consisted by the three parts of the 
pre-circuit 120, the 2nd pre-circuit 123 and butler Matrix. The pre-circuit 120 is (N-2) 
input (N-l) output Matrix circuit, the 2nd Pre-Circuit 123 is (N-l) input N output Matrix 
Circuit. N is numbers of input port or output port of the Butler Matrix. Fig. 12 is 
showing in the case of N = 8. 

[0043] On the Fig 12, fed the high frequency signals of the Pre-Circuit 120 to the input 
ports 12^-12^. The Pre-Circuit of the Fig. 12 is less number by one piece each of the 
variable power divider and power combiner due to the less one input output port 
compared with 1st example of the actual use of the pre-circuit, but the structure of the 
circuit and operation are same. The signals fed to the 1 12a,/ of the k' order (1< k' (N-2)) 
shall be input to the k' order of the variable power divider 118k', then output the signal 
divided in the any ratio to two ports. A output of the k' order of the variable power 
divider 118k' shall be input to one of the input ports of the k' order of the power 
combiner 1 19k, another output shall be input to one of the (k'+l) input ports of the power 
combiner 119 k . +1 . The output (N-l) pieces of the pre-circuit 120 shall be input to the 2nd 
pre-circuit 123. 

[0044] The 2nd pre-circuit 123 consisted by the arrays of the (N-l) pieces of the power 
dividers 122,~122 N1 and the arrays of the N pieces of the power combiners 119 N ~1192 NI . 
The high frequency signals fed to the k' order port of the 2nd pre-circuit 123 shall be 
input to the k' order of the power divider 122 k , that shall be divided into two signals with 
keeping in-phase relative. The signals in which divided by the power divider 122 k . into 
two signals, 
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that the one signal shall be fed to the one of the inputs of the k' order power combiners 
119^,., in the pre-circuits 119 N+k ,_,. And the other signal shall be fed to the one of inputs 
of the (k'+l) order power combiners H9 N+k ,. The two signals shall be combined in-phase 
even on the power combiners. The 1st and the N order power combiners 1 19 N and 1 19 2N _, 
in the pre-circuit 123 are fed one signal only. Other input ports that have not fed signal 
are terminated by the terminations. 

[0045] The pre-circuit 120 and the 2nd pre-circuit 123 together forms (N-l) input N 
output circuit. The signal supplied to the k order high frequency input ports l^a^ shall 
be appeared on the output ports of the k\ k'+l, k'+2 order of the 2nd pre-circuit with 
signal strengths at the ratio of the a I 8 : 1/8 : (1- a )/8 keeping in-phase relation. The a 
is the power distribution ratio at the variable power dividers that shall output the signals 
of the signal strength ratio of the a : (1- a ). The Wilkinson Power Dividers 1221-122N- 
1 shall divide signals by equal signal strength. The power combiners 1 191-1 192N shall 
combine two signals by equal signal strength. 

[0046] Calculated the antenna beam patterns formed by the above 6 input 8 output beam 
forming circuits that shows on the Fig 13a~Fig. 13c. Noted the antenna is omni-direction 
and half-wave span of element spaces for the calculation. The variable power dividers of 
the pre-circuit 120 are structured as Fig. 8a and Fig. 8b. Its distribution ratio shall be 
varied by the value of the variable phase shifters inside circuit. The distribution ratio of 
the signals to be appeared on the adjacent 3 ports of the 2nd pre-circuit shall be changed 
when changed distribution ratio of the variable power dividers that the antenna beam 
scanning able to be made. The Fig. 13a~Fig 13c states setting value j3 of variable phase 
shifters in the power dividers 1181, 1182, 1183 of the pre-circuit 120 as the parameter 
that shows plot of the beam pattern at changes the j8 by every 30° from 0 to 180°. The 
direction of the main beam is changed in the ranges of -30° to -48.6° on the Fig. 13a, and 
-14.5° to -30° on the Fig. 13b, and 14.5° to -14.5° on the Fig. 13c. Scan beams 
independently at each port. The curve of other input ports of the pre-circuit are considered 
as symmetry at the cases of Fig. 13a, Fig. 13b and Fig. 13c that are omitted. 

[0048] Concluded and shows about characteristic of the antenna beam pattern of the Fig. 
13 on the Fig. 14a and Fig. 14b that plotted the beam direction, gain, the level of the 1st 
side lobe and the beam half amplitude level with setting value j3 of variable phase 
shifters as parameter. The relation of the beam directions and value of the variable phase 
shifters about respective beams are shown. There are few variations on the antenna gain in 
accordance with changes of the beam directions. The variations of the antenna gain are 
same, and does not matter input ports as well as the circuit in the 1st example of the actual 
use on the Fig. 12. Especially, the antenna gain shall be minimum when j3 = 0° or 180° 
as distribution 
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ratio of the variable power divider 0:1 or 1:0. The level shall down by -0.85dB 
relatively. The level down of entire the antenna gain due to the pre-circuit, that is, the 
power loss of the circuit shall be 6.02-6. 87dB. The variations of the side level are read 
from Fig. 14b. The level of the 1st side lobe to the main beam shall be minimum of - 
31dB at dividing ratio j3 = 90°, that is 1:1, when levels are -24dB at J3 =0° or 180°. The 
variation forms are same that does not matter input ports (antenna beam). The connection 
of pre-circuit to the Butler Matrix under this invention, it is read that there is no 
deterioration on the level of the side lobe even connection of the pre-circuit. The half- 
beam amplitude level is also varied in accordance with changes of the value of the 
variable phase shifters. 

[0049] As above, explained structures and performances of the beam forming circuits for 
the N elements (N-2) beam that are able to scan beam using Butler Matrix. This 
explanation is in case of transmission, but this circuit can be implemented even for multi- 
beam forming circuit of receiving antennas. 

[0050] As above, explained structures and performances of the beam forming circuits for 
the N elements (N-l) beam that are able to scan beam using Butler Matrix. This 
explanation is in case of transmission, but this circuit can be implemented even for multi- 
beam forming circuit of receiving antennas. 

[0051] 

[Effect of the Invention] The Butler Matrix is the beam forming circuit for the multi 
beam phased array antenna. The multi beam forming can realize by the small size circuit, 
but only formed fixed beam. This invention shall feature structure the pre-circuit on the 
front of the Butler Matrix for beam scanning. Shall input signals simultaneously with 
weighting by the pre-circuit to the input ports for forming antenna beams adjacent to the 
Butler Matrix, the beam scan can realize between adjacent directions of the beams. The 
power loss due to the pre-circuit shall be approximately 3~4dB minimize at the 1st 
example of actual operation. The weighting circuit (variable divider) to the signals 
consisted by the two Hybrids and one variable phase shifter, and distribution ratio shall be 
determined by the value of the variable phase shifters. Accordingly, the beam can be scan 
by the controlling by one variable phase shifter that shall simplify controlling 
mechanisms tremendously. Moreover, identified no deterioration to be occurred on the 
antenna side lobe even connected the pre-circuits. 

[Simple Explanation of the Drawings] 

[Fig. 1] is explaining theory of the beam scan at the phased array. 

[Fig. 2] is showing an example of the structure of the multi beam phased array antenna. 

[Fig. 3] is showing block diagram of the 8 inputs 8 outputs Butler Matrix. 
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[Fig. 4] is showing eight antenna beam patterns that are formed by the 8 inputs 8 outputs 
Butler Matrix. 

[Fig. 5] is showing excitation phase curve available by the 8 elements Butler Matrix. 
[Fig. 6] is showing block diagram of the 8 inputs 8 outputs Butler Matrix excitation phase 
curve of Fig. 5. 

[Fig. 7] is showing the example of the actual use of the 1st case of the installation. 
[Fig. 8a] is showing an example of the block diagram of the variable divider. 
[Fig. 8b] is showing an example of the block diagram of the variable divider using the 
Wilkinson power divider. 

[Fig. 8c] is showing the transmission curve of the circuit of Fig. 8a or Fig. 8b. 

[Fig. 9a] is showing the antenna beam patter structured by the circuit per Fig. 7 that is the 

beam scan curve. 

[Fig. 9b] is showing the antenna beam patter structured by the circuit per Fig. 7 that is the 
beam scan curve. 

[Fig. 9c] is showing the antenna beam patter structured by the circuit per Fig. 7 that is the 
beam scan curve. 

[Fig. 9d] is showing the antenna beam patter structured by the circuit per Fig. 7 that is the 
beam scan curve. 

[Fig. 10a] is showing the antenna gains and changes of the directions in accordance with 
the changes caused by settings of the value of the variable phase shifter inside pre-circuit. 
[Fig 10b] is showing the changes of the half-beam amplitude level and level of the 1st 
side lobe. 

[Fig. 11] is showing the values of the 4, 8 and 16 elements Butler Matrix regarding to 
setting the values of the fixed phase shifters 1 14,-1 14a^ on the Fig. 7. 
[Fig. 12] is showing the example of the actual use of the 2nd case of the installation. 
[Fig. 13a] is showing the antenna beam pattern structured by the circuit on the Fig. 12 that 
is the curve of the beam scanning. 

[Fig. 13b] is showing the antenna beam pattern structured by the circuit on the Fig. 12 
that is the curve of the beam scanning. 

[Fig. 13c] is showing the antenna beam pattern structured by the circuit on the Fig. 12 that 
is the curve of the beam scanning. 

[Fig. 14a] is showing the antenna gains and changes of the directions in accordance with 
the changes caused by settings of the value of the variable phase shifter inside pre-circuit. 
[Fig. 14b] is showing the changes of the half-beam amplitude level and level of the 1st 
side lobe. 

[Explanation of the Symbol] 

101, 101 a, ~ 1 0 1 a,^, High Frequency Signal Source 

102, 102a r 102a,, 1 : N Power Divider 

H9-232865 

103 r 103 N Variable Phase Shifter 

lOSa^lOSa^ 103b (N elements) Array of variable Phase Shifter 



16 



104,~104 N , 104b r 104b N Antenna Element 

105 Equiphase Front of Electric Curve 

106 Direction of radio wave (Main Beam Direction) 

107 Direction of Antenna Front 

108,~108 M (N Elements) Array of the Variable attenuator 

109 Inter Connection Circuit 

1 10, -1 10 N M : 1 Power Combiner 

111, ~111 N power Amplifier 

1 12, -1 12 8 , 1 12a,~l 12a,,, 1 12b High Frequency Signal Input Port 

113, -113,2 90° Hybrid 

1 14, -1 14, 6 Fixed Phase Shifter 

1 15, -1 15 g , 115a,~115a N , 115b„ 115b 2 High Frequency output Port 

116 8 Elements Butler Matrix 

117 8 Elements Butler Matrix with Phase Array 

1 1 8 , - 1 1 8 N ., Variable Power Divider 

1 19, -1 19 N , 1 19,-1 192 N ., Power Combiner 

120 Pre-Circuit 

121 Termination 

1 22, 1 22, - 1 22 N ., Wilkinson Power Divider 

123 2nd pre-Circuit 
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Fig. 1 



Variable Phase 



Shifter 103i~n Antenna Element 




d : Span of Antenna Elements 

G : Directin of Main Beam From Front of Antenna 

4>:<t> + A<l> <p+2A<p <t>+3A<p, . .., 0 + [N-i] A<p : Phase to Antenna Elements 



Explanation of the theory of the beam scan at Phased Array. 
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Fig. 2 
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Fig. 4 




Excitation Phase Distibutions available by 8 Elements Butler Matrix. 
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Fig. 8 c 




Phase Delay by Variable Phase Shifter (deg) 



Transmission Characteristic of Variable Power Divider 
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Fig. 9 b 
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Fig. 10 b 
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Fig. 13 b 
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Fig. 13 c 




32 



Fig. 14 a 
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*©-#©AAfc««U *»oJRk' #B©«7J#E$g 
©tt2r©Ht*j*r* (k* +1) #1©*A6>&S©&# 
<OA*lc#*«BK"fSJ:5»::#«Ufc. (N-l) A* 
Nffl7J©!R2©ij(jg[5]&i:, 
Nffi©ftffiS&©r u-t, 

L.T«j**-.5 £ fc ZmStb-tZ-v/um-A. 

[111**3] ««TO1ta*HE*#, !«HiE«#*« 

ft^«-e^iaffi^-t-5^i©9 0 o /N-f^yKt, 

^ffSl©9 0° W^»yK*»6^MEHJA4*Lfcfll*t 
?T«!t*»«r ^ i tf* £ *v Hi* t 5 ft] 

2©9 0° /N-fypy Kfc*»6««S*i*«*JJClXtt 

[11**4] ttBTO«ft£i»tf. A^£ftfci9iJi 
rtSftfctt*©, ^<MS*£^Lfc{i*i9 0 0 <4fg 



H?J&$ft3f]t** 1 Xteft** 2 Eflte-rA'??- AT 

[»WO»**RW] 
[000 1] 

[0 0 0 2] 

©-CfcS, 7x-XK7^7Xftm ^7yr 
^!C!iq*6ilSJiR«*©iR«*tt* (n*&Hffifl£ 

Sfc©fcf***TV^te#jtSi*JB««»©4WfcM 

[0 0 0 3] 13114, ^TVr^Sr-iJCTC^t^iaiPH 
-?£«LT^3N&^-©y ^TTU-TVx-f Srflaji L 

: f?5ri/!)i-C*#5Ci:Sr^Lfct.©-C&5„ i^ST^x 
^^J®SLTIftMSrtT5c i*«ftflHJW 1 0 1 ©fflA 
i±, 1 : Nm^BBSSl 0 2\£Al3£tl. N{@©ft-^t 
#ga$ft5o 1 : N«*»E»1 0 2©WCTL©HiA 
(4, BT^ftSil 03,~103 N fcgSRSjfc, OV-C 
iff^T^-M 04 1 ~10 4 N Kg^tvCl^S. 
^yftl 0 4! ~1 0 4 N P>*T,5i«5JSiftflH§- 
©fiCffi mil) 14, ^£#fB3gl 0 3 X ~1 0 3 N KJ; 
0, 0, * + 0 + 2A0, • • 0+ (N- 

1) A0(CK^$n*. o*9&!6A*tHe»0|-e*£ 
ftS^©»ft##**T>'^fc-**.bii6. Lfc# 

ffiBSSrSK t««©<WflEttffil0 5©J:5K49, fltft 
©itfi^lS) 1 0 6 {±r yftiEffiO*|Sl 1 0 7 d»t>^* 

e«v^*-[Rjtft5. ffi&»i«*e©^iRilcS^:W"</w 

U 

[0 0 0 4] 

k d s i n 6 = A 0 •••(!) 

[0005] -e^x.P,)fi5 0 rr-e, kii&St dra* 

^T>-x^-©ffifii, A0tt^Slg^W©fi1f^-CfeSo 

S; (1) A0 = o©^fi^ryv L f-if-i>.©*'(R]0 

ttfot*!), SK©jifT*l^l 0 6tt7>"Ti-<OjEm 
*IpJ1 0 7 i-fti-5. A«©i|ftirttaJ**<i5t6KL 
fci5ot*ti7yftclB^l 0 7d>P>li^Sit 
*5fc>^2> 0 A0>O©^flCTV7 1 ^-K'-A|±i|ftffi 
rt-CT*SrlB)#, A0<O©^fI4±**[o)< o C©<t3 
ii, 7 x-X F7 U-7 t-?tttf 7 V f t ^11 
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^TBMMrfTofctf, *HllW«^iiff*rtltt^rja 

[0 0 0 6] B*te!»i?-A-coaS«*fctt5M» rMB 
ft, N*wri/-ryftS:ttotMfio7y7te 

10 0 0 7 J 0KHMfl<OJlAOil5«»[«"S-aai 0 1 a 
l - 1 0 1 a M , Mm<0 1 : N«;*J#E# 1 0 2 a ! - 
1 0 2 a M , Um<D pT^ffitSSOT U— (T 

(7^*N) lOSa^lOSa^ (MXN)A 
jj (MX N) tttfjtfM^^^v'a XlHlSSl 0 9, N 
fgcDM : 11*^1 lOa^HOa^ NfiCQ 

allies l Hi-niN, Nio^7yfti 

04 ai -104a N J:9*^$ix5 0 
[0 0 0 8] iM&AHHK 1 0 1 a 1 Offi^ft 

1 : N«^#gE[Hlg§l 0 2 a x ICA^ft, N»C#IE 
ZtiZo Nflfc:#ESjh,fcHJ#ft, -t*i«lx, *TSE#tf| 
SOT U— 1 0 3 a 1 t^mm^<DT l»- 1 0 8 1 \Z 

1/7**}" f — A S:»*r* J: 5 Kffitt <t fi«(Ott^K£ $ 
ftSo #ft«<BR£<0jgaft* S&^<DV^^tf-A<D 

^^i^&ff-^l 01a 2 -101a M ICO^T 
t>, 1 : N«*5HB»1 0 2a 2 -l 

0 2 a M , pT3E«a«<0T l/-108a 2 -108a 
M , W^«S©7U-1 03a 2 -103a M |CfflR 

[0009] Braefl[ffi«i:«s»oa*-eaba-&tt (n 

xm) fl<oHJajfi«*ri, (nxm) 1BoAHJ*iH^S: 
y?3^^3y@Kl0 9O«Sl:tt, Nf@OM : 1 

«*-&j*iHiB i i o x - i i o M asgsgfc£jh/r^5o -r 
^3^^i/ 3 y(iIKi0 9ll »i#Btf>pJ£J£SS 
O7U-108 1 (1 ^ i ^M) tCO^T, *:<n%l& 
B<DW*«:M: 1 0 X |c, fR2#B<Dfcrj 

^SrM : HM^Si l 0 2 fc % fcv*5 ±5K:£rFra 



7^1 0 4 a t -104a N fil&'B^ftSo ^*TT>y- 

[ooio] a 2 <7)[Hjg&-eft, Mfflco tr-i^ffl^tt 
nr*»«*©r i o 8 j - i o 8 M t^w&te 

&<D<DTU-1 0 3 a x -103a M X 9 ffif 

-etas*** 5 **. Ld»b4*e>, m^an*^ 
*&mn]s§-eftN xM«o-5r^«*t ^r*««»j&SiK* 

»ft«»T#K&5. WCtfot, 
ll^Sl 1 0 X -1 1 0 N icttltSiMttflMK) 

srfljwrfc, ffl^^A^fi-^^/Hc^-rsm^w^/w 
[ooii] •7/vft^A7x-x kt i/-ryrti: 

h7—?hV?X\*. ##XfiU. Butler an 
d R. Lowe, "B e a m— F o r m i n g Ma 
trix Simplifies Design of 
Electronically Scanned A 
ntennas", Electronic Desig 
n, Vol. 9, pp. 1 7 0 - 1 7 3, Apr. 1 

9 6 1. \c%>^xm&£titzftm&-? h ]) ? 

h Kip* 6*ifcii5«*«-g-f4, £T<7)ffi;ti#- h \z*§ L 
^<oa*s a**- h tcff -^^A^i-a r t \Z X V 

[001 21 83ft, 8AA8(lJ^n7^by^ 

iS5S«ft#A*^-M 1 2 X -1 1 2 a (4L, 3 
L. 2L, 1L X 1R, 2R X 3 R, 4 R) .hfl&S&ff 
*ffl**-M 1 5 X ~1 1 5 8 (A-H) «:*U 1 

2f@o9 o° /^/y yKiUj-ii 3 12 *5ctt/a 

£&ttJBl 14 X -1 l 4 16 ^6«rtSix-C^a. 
»«#*A*sK— M 12^1128 <or>4:o^#*. 
5<t> fi#ft9 0° y^zfV s/KH3 1 -113 4 (D 
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t>to(c.t9 2*HB*it, R©©H)££*1$1 1 4 X ~ 

1 14 8 ©~o(;:J;9<MS5IH#-£;ie>ix5o ~o©fi 
-^te, ^©9 0' yKU3 5 ~113 8 C 

tt, ftgffllittffigl 1 4 9 ~1 1 4 16 ©?*>4-oK 

nv&.ftmtiifi*z.t>tiz>. z.th<b(Dis^te, Zbizft. 

g©9 0° W7*y 7 Kl 1 3 9 ~1 1 3 12 l;:A7j£*v 
2£B£it, ft*llH)lCtt8#iE£:K.5o 9 0° M/!) 

? Kc±5«to»i!i, ®fe®.ttmcx.2>&J®mti<D 

[0 0 13] HUirte, 0 3 © 8 iji^©^ hy— *? h y 
* 7. t£ <fc (9 J^J* $ tl^^f f- A©T >7 7" f - A/< 
*v£^1-„ ^©/^ytetfWci.fco-ofcftfcfc© 

^^RS(±¥KSi L-cv^. mmmm^Afitf- h 1 1 

2 1 ~112 8 (4L V 3L, 2L X 1L, 1R, 2 
R, 3R, 4R) ^DA^KttU ZtlZtls -6 1 
° N -38. 7° , -22° , -7. 2° , 7. 2° , 

2 2° , 3 8. 7° , 6 1° 0^|R|tC8O<Dl!fiS:!ttr— 

4L, 3L, 2L, 1L, 1R, 2R> 3R, 4 R \f — 
[0 0 14] ^h7-v h y ^^^fflVfc-^^tf— A 

©gct^©^**-?*)*, ^OS!lfiR^&5„ L^Lftri* 
ib, ATJSfctttittJ©*- h^SrMiri-^tt, @Sg$- 
WfiK-t-^sVJK-^VhcO^ttO (MxlogM) ©* 
-^"CfctK #-f-A#^(Dr r^^tlHlBS 
©»»*JMttfcHtJt*L!fcV\ *fc, H2©HK"ett 

[0 0 15] 

-vhy^^tt, 02 jcisitro-jeKiJfcfli^©^^ tr 

[00 16] L^LftaSfc, Jg^$n5t*-Att^[6]i: 
©-/8;[$ftfl?$©^7^-A|sm[HiKfi N jsawwi 

- A« t *^ »©8Hclt«-r 5«© t 

9 E18ri*«*-C, *fcif-A* 

[0 0 17] *%W\*. SXT<D&ft&m%.1iT»'m- 



A7i-X KT i/-r>^+oe-A»rti*ftW»t 

(1) E!Sj|IW*iaKrtfcfctt3«*^*:*WS£* 

Bi&fc*>38«©e'-AjfeaEtt4r*jt3. 

(2) tf-A*aE«fc»<Dl«*P*r¥#MtU T>£o©f 
-Aife3iESrt>to©iM«i*^T?tT5. 

(3) b--A^«(ci*) s Hn-:/w«/H$ttfc5S 

[0 0 18] 

MM***-*-* *^^-Ctt, T^f- 

A7^-XKrw'-r>7 i ^©ii&«iHiessr, rttrttiH] 

8j i/<F7-v hy ^^Sra-a-fc-arr^ai-Sr i:?r 
5. «rS0Klc33V>xm^^ia*©^-g-it4r|SHIb/^ 

r^^f-A^^-rsttni^fc-^s. ^ji5© 

[0 0 19] ^SW©3S-C> ElfcJSVT, 7U-7 

>y-r<D^i-r^-r\^mmx^ti^i. owm. 

iStt^©fflt«r?E*.artlcj;ij, T>7 t 7-©;*Wv 

[0 0 2 0] h y ^^ffi, ATJ^K- hfet- 

*4«tt*i»#©«t*«»fe*lS. @5l48A^78ffl^ 

©/^ h7— v h y ^©^^©A^tf- htcft-i-* 
anx.*t#(^ #^TV7 l 7-|c:wm-r5ii5^»t«#© 

L, TW-T>'7 1 7-©PSPS©'P* (SS4, ^5*?-T 
yftc^*) -ci-^T©ffitt©il6*rffld5— Srf5 J: 5 

#5fc»^@^ttffi©T l/-^A7JgRICjiiD Lfc 8 ifr? 
©^ h7— v h V 9 7**7Ft. 03©^ h7— 7hy7 

7 t©sv^«, mmm^xti^- v 1 1 1 2 x ~ 1 1 

2 8 t 9 0° W7*!J 7 Kl 1 3 X ~1 1 3 4 ©MKfcf 
fclcS^iilaSil 1 4 17 ~1 1 4 24 ©7k-«rSI)fc: 

i-efeSo 15H« meoztiztKOAJjtf-hicn 

pg^-KT*. -157. 5° ,-112. 5° , -6 
7. 5° , -22. 5° , 2 2. 5° % 6 7. 5° , 1 
12. 5° . 15 7. 5° 0«fcB**J*oflrf-*»e>ft 
5ii4«b*>5. ft*, hki*iiS«»!Mt 

it)^ft5*lRl©TV77-f-A^^$tu5o -fftto 
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hZAfirt-blzmtttto7LZ>b#fe<Djjft<DX- 
A#»rtSJi, A^#-h<^J&£ft£bf~A£ttl*t 
1 0BM*fr*1-S. 

[0 0 2 1] tt£i:, t>to©K«««*JKoft#«r 
5AA#-h -0(DA*^- h 

ooA*sK-McH^«#*Jpx.ixtt. 

So 3 fete, ^fco^A^^K- hlc^x^fl-^O^ttlt 

tzMJ&i~Z><V~?. -fcfcooAAsK- H^Wr{^fi***Dx. 

9, »-OA*^-h^#l«rs^AtJB 

tr-A*»j*-c*« 0 ra«p^A*rsis#«-a:*«-tfSr 

©tr-A«)*ifti©|l|jo«H"eife*'BriBi:ft6. 
[0 0 2 2] &Lh<£>#;tte, $>Sil5iiS[ffi-^M^ffl^^ 

± 0 if- 5 HKfcltK-et So 
[0 0 2 3] 

IB^if-AjfealES:^IBi:i-5l&«IiII8SrBiMi-5. 

[0024] B7H, #isw£>as i <om t j fc<Dmm\z& 

*0«j*t«L-Cj3 9, ™g(HlKj 9il20i: 

IXh9-^bP ttl 1 6£t)«j££*vrv^ 0 
[0 0 2 5] flffglHJK 12014, *afcS»1-S^ h 7 
h y ^ ^©A**fcttUJA«>*- b$:£N fc 
(rrt?»N = 8) > HRfcB: (N-l) i^)A*^ 
Ml2a 1 ~112a N t Nfi^ffl*^ hi 1 5a 
! -1 1 5 a N £«;tfc[H]e§-efc5o ttiElBlJ&0>£ k • 
a (lSk£ (N-l) ) ©A*#- bfctt*.fci*JBS 
milEIKOffk»Bft&tf(cff (k+1) #S 
©ffl**-hfc*hS. »k#BOA*2K-M-anx.fc 
JlS«««*te#U-C, «Sk»H«J:tXff (k+l) #9 

So 



[0 0 2 6] fltflUaI»tt* (N-l) «©pr««*»E 
Sil 18^11 8 N t«^fig«l 19^11 9 N 
XVm&iStiZo l»BIB««)«k»H«)A**--hKlD 
*fcK«»{B*tt. «k»B©TOt*5HE»l 1 8 k 
(dA^^HSo 

[0 0 2 7] pTSC«*»E»f4 1 A^7 2 ttl^^lHlSS-C, 

^teW:{c#^e>-fl^ffi^-rSo H8afcH8b^«tt(0 
RT*«*»E«OfllrtS:-oo«t L"C»U 08 c K 

[0 0 2 8] 12 8 a <D"5T3Eflfc&#E»tt, 9 0 6 
!ly Kl 1 3a x XV 1 1 3a 2 , W£{£*B§?1 13b 
*5J:t«iM8»«:«i 2 1 J;D«jS£*i/t^a 0 ig^Kft 
#3659 0° /^^y y Kl 1 3 a 2 fcA***tSo 9 0 

° ^-fv ybim^mmm-v, bg>»i#-M£A 

-htt^Lftl^"Cl»*«a«raBKLr*>6 0 9 0° 
W^D y Kl 1 3 a A ©»3*- M*9 0° 
y Kl 1 3 a 2 <D»1 M^£ffclS»l 0 3bt^ 
LTSBR*iL, 9 0° />>f^yyKll3a l (0»4* 
— htt9 0° y Kl 1 3 a 2 <£>fg 2 Hcg§ 

^tl-C*3^ ^Bd^tlfc{S^4 9 0 o /vf^JyKl 
1 3 a 2 folS^xnTf&t&ZtlZo 
[0 0 2 9] nT&ffcttSl 0 3 bfc£3*;fcfe*L5«fctl 

aji^-tfnofcs, 9 o° w/y v ki 1 3 ai (om 

3#-h-«raE(fcftSl 0 3 b- 9 0° M^JyKl 
1 3 a 2 ©JSl*-hft«TlS3*-HcS8fll»4:, 
9 0° W^y y Kl 1 3 a x <7)^4#-h-9 0° ^ 
-f^y y Kl 1 3 a 2 <0#2#-h«rfc-C»3>K-Mi: 
fc*$£l8 0§^fltfMKr#U ZlMc 
fl"felllL*5r fcKft9^-fy» * K<0*3#-hfc{t 
»HJ*tt4V\ — 90° /^yy^KlUa^ 

i3^h-TOMi O3b-9o° wyy^K 

1 1 3a 2 <D^#-b£ftTSM#-M^*«# 
dr. 9 0° W^y -/ Kl 1 3 a ! <D^4^h-90 
•/vf^!)yKH3a 2 ©»2 3K-hftar»4#- 

A*fB-#Oi--<Ttt9 0° W^y y Kl 1 3 a 2 

©*4*-nca*ra Q 

[0 0 3 0] *fc, pT*tt«»l 0 3 blC^D^X.^ 
StttffiMxSrl 8 0«t-f5t# % 9 0° W^y^K 

113a! C0^3^- h-^ffiffiSgl 0 3 b-90° 
^JyKl 1 3a 2 <DBl#-h£&Tfg3;K-h 
9 0° /^^yyKU3a 1 ©»4# 
-h-9 0° /^yy 5 'Kll3a 2 (Om4^-h^S 
T*3#-M:lillfH:H«^ A*«#0-f-<T«: 

9 0° W^y y Kl 1 3 a 2 3 HCffl*i- 
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So — 9 0° yKHSaj <D%3#-b 

-pT*tt««l 0 3 b-9 0° y K0>*1#- 

h£gT9 0° W^!) y Kl 1 3 a 2 0>»4#-Mc: 
*H3ft*t* 9 0° y Kl 1 3 fll C0*4^ 

-h-90° /N-f v Kl 1 3 a 2 C0ft2#-h£& 
T ft 4 b 5«#<0ffitt»4 18Ogt40, 

S2(DW^!J y Kl 1 3 a 2 <D!B4#-h<om*tt-¥ 

[0 0 3 1] H 8 c J4, pTSffitt* 1 0 3 b tc <fc 9 

9 0° /^J^Kl 13a 2 Oft3#-h 

- b m 2 <dk»jk«#<dhj#3k- h i s b 2 ) tcm 

&£ 0 WfWl 0 3 b<&«*r*fl:$*5£ irfcJ: 

»r*ffiii»^j:sffift3ino^fc i 8 os 

[0 0 3 2] 18a lclB*«)pr3Ea*5>BBS^^:*3V^•c 9 
0° w^y y Kl 1 3 ai &V>C /v**y>ntlft& 

K«^Sr^"To ^;^yyylA»BSl2 2lliA 

ol^firfflO-ft-g-SrtH^-rSo B 8 a t M 8 b (DHBtt 
^Icg&plite-C, B8bi:^ Lfc0»«*fc J: 9 El 8 

[0 0 3 3] (N-l) flO^S^ESS 1 18 2 - 
1 1 8 N ^ <DT l"-<DKkma*, Nfi<^«*^fifc»l 1 
9 X -1 1 9 N j&S«jWX"C^S 0 ^k#S(DpI^S^5> 
BESSl 1 8 k OflOWA (»2#-ha>bOtttfj) 
14, t©*4»k#|0«^i8»l 1 9 k (Dft2<£>A 
^#-h (ft3#-h) to&fli&tiSo ftk#B 
<DpT*«*^E»1 1 8 k Oft2<atitfjtt: (ft3^~h 
frh<om%) s ft (k+1) Sl^i^MSl 1 9 
k+1 (OH^AM-h <J6 2#-h) fciwifettS. 
4*3, ilSI(D®M«l 1 9j (OA^ffiHF- (ft 2 

SB* (»2#-M (C{4> «#AA*ftV^fc»l**BLT 

[0 0 3 4] K±^RHLfc0Kfllrii^±O, fJSlHlK 
1 2 0CDftk#B<£>A;>J#- hi 1 2 a k t^ifc«-g- 
Ht, HHKBKl 2 0<Dftk*s<fctfft (k + l) #eota 
M 1 5 k , 1 1 5 k+1 KIB«BB««:«t>ffiK<& 
^Eit-eWmi-S 0 #0£ttJ4, W^B^^ffiSl 1 8 k 

[0035] ftkSBos^/ssi i 9 k (Drnti m 

ltf-bomti) f4, -tft^jh,, i36t«S07U-l 
14 ai ~114a N /^7-7h!J^^ 1 1 



[0 0 3 6] @£fttBS§<E>7 114a 1 ~114a 
N fc/^h^-^hy^^i 1 6<0«a^t>*f4, 

H*ufc^h?— ^ h y ^^i 1 7(c«^-r5t>oT\ 
Mj64Ma»<&T ix-o«»jf4-r^"coA*#- mc»l 

[0 0 3 7] H7lCi8lt*H*<t**l Uaj-ll 
4 a N (caa:3t-r6ffi^oV^r|ftWLfco 4, 8, 1 6if§ 
*<£>/* h 7— r hy^^Jcov>T<DMSriai li^-fo 
fcfcU /^7- ?b})?X<DAj]rt-b\*. 4m*<D 
h<Dl*2L, 1U 1 R, 2RtT— A, 8^*c0t>0(4 
4U 3L, 2U 1L, 1R, 2R, 3 R, 4 R tf — 
A, 1 6^*Ot>(?Df4 8 L, 7L, 6 L, 5L, 4 L % 
3L, 2L, 1 U 1 R, 2R, 3R, 4 R, 5R, 6 
R, 7R, 8Rlf-ASrm^^-r$<t5^S?IJUT^ 

1, 2, 3, • • • *U *fc®iS^iitT*[pJ (7^7 

^^rvtr-^o^^ftsrs) i o 6^@bomi 

±fa#(Dfctf)&U Tft#Ot><7)£:R t^-^^MlJlC^o 

[0 0 3 8] h y **<Dfc5/K- M-A^ 

**lbf4fc5»SO*ra(Olf-A*»«rSfe«>^flr« 
i8«^«fcLTV^^ 0 ^k#i^A^I^-h^l-fl^ 
«r*Dx.St#, *k#B©bT-AS:^-rS. JB (k + 
1) m%<DAJ]tf- bVWz.m^&Mx.Z t% . ^k# 
(k+1) #@<DtT-A^^ 
SixS. ^ct)»^ ^k#§i:^ (k + 1) SicDA^J 

icif-Ads^fig$^So tr-Ao^f^i4«-§-o^itic 
<f9M*5o ^Jt^i»lco»^iCf4, ^k 

#it (k + 1) #S^^C^A«^n^c 

k # S <Z»K- h <^^Oft^a«tntf f - A J4» k 
#B©fcT-A(?5*|ftiCjS^#, ft (k + 1) #g<D^K- 
h 0*d53S Ittt tf tf- A teft k # S CO fcT — A (D*[p] Id £ 

(k + 1) SB03K-h^f9#«^^**-fSS^^fc 
9 (pT««*j>S»l 1 9 k ^©^ffiffiSWO* 
fcf418 0° (Dm % Z<nb$ ftZVZtlZtMDjjfafc 

[0039] B9a-H9 d f4±5SO 7 A^ 8 W^co f 

fct©^, *f7yft©»flttttt»lRltt4:U KS 

J:»9Bl9a, 09b, 09c, El9dJ4, SUSIhIK 1 2 
0 tf> pISffi;fr£Ba« 1 1 8 X , 1 1 8 2 , l 1 8 3 , 1 

is 4 to<D^&ffla#o>vt&mfi \ckv* 
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5*50**6 l 8 0° 3E^-t"5i:#, 09 a-Ctt^vtf 
— A<D*fflIfi-3 8. 7° ^6-6 1° \ B9btH^ 
<4y\?—J»<Djj\p\\*-2 2° H-3 8. 7° , @9c 
"Ctt-7. 2° *>b-2 2° , i9dt1i+7. 2° 
6-7. 2° ^M"e^k1--5rt*5R«.i:tt5o ^-i. 

0^an><0A*sK-Hcov>ro4«H4H, 1119 a, 0 9 

[0040] Bl0aiHl0bfiB9a-B9di:B 

tf-A*HIB<D4o£, pTSffiffiS^RfiMflSr^^^ 
— * t IT^d y V \,tzh<DXh% 0 El 1 0 a W 

AA#-Hc«fc>e>rEI-- e, SHSfctfiatl fc45fl 
= 9 0° ^a^cr^^mttSiSi*!?, u-</W3 
tittfeK-o. 8 5dB/hS<ft5, amiilfcfl'infcJ: 

-3. 86 dBXhZo £fc, BlObHtt, Sit 
-f Kn ve-AiC»i-5l^-</Wl)3 = 0 o * 
fctel8 0° 8dB-e*>5^ 5 = 9 

0° ^ftto*>4>SBJtl#l t*5«p^*/h«-2 4 dB 

[0 0 4 1] £JUh, ^-a^serTSE*, h h y 

StfJJHLfc (N-l) fc'-ANiff^CD^A^tf 

[0 0 4 2] Bl 2\tt%W<Dm2<Dmi&<Dj&mM\£& 
ttZ®t&£#<om&i:m+BlX3bZ> 0 EIKM: (N-2) 
A^NW^O^MJ^^m^ AfrffiU&l 2 0, IB2 
<£>fftg[H]& 123, /^7-"7h!)^^116©3oO 
SfR^J:t)«^$ti-C^§o ttl@8i2 0tt (N-2) 

A# (N-l) ffi^, |g 2 <Of&g[H]& 1 2 3fi (N- 
1) AtiNmtlco^hV **[§Ig&-C&5 0 fcflfU Ntt 
^h7-v h y **cdA;*/#- hXttW*^- hO»-C 
fc£ 0 Bl 2teN=8©i§^fcOl^0:^LT^£ o 
[0 0 4 3] 012 K&^T, S5JB»«*A*#- h 1 

128^112 a N _ 2 frt>mm®&i 2o<DMm$im 
»*a*i-5. si 2<Dmmm&\tmi(omm<ommm 



#@ (l^k' (N-2) ) ©112 a k .^aDx.6Jtfc 
!f!k' SBOTOfcWWBSl 1 8 k . KA*£ 

&mjj£tiz> 0 m*' ti^tMsai 1 s w <d 

T}ko<Dm*}te%k' #B<0«A£j*Bl 1 9 k .<OA* 
#-b<Dt>£oU:, (iS*oa)A«S (k' +1) SB<D 
n,l3&$Ml 1 9 k . +1 ^A^^-hot>tolcip^6ti 
tl^ 0 mJg[Hj& 1 2 0 <D (N-l) fioffl^tt, B2 

©flfrglHiKi 2 3fcA;**ix5. 

[0 0 4 4] » 2 OSiIBIhIK 1 2 312, (N-l) WKD 
tA^SSl 22^12 2 N _ X or u-irNfiom^ 
£j&»l 19 N -11 9 2N _ 1 ^TW-^b«^$ttTV> 
5o SB 2 COf&glnJSS 1 2 30jk' SS^/K-HciP* 
feftfcfl5JSS«*H\ »k' #10lA5W»12 2 k . 
l-A*£ft, fi*»RlffiBB«4r«*>z:»S^*o 
B§g 1 2 2 k . J: 19 -ft S ftfc«#<o-;fr ttfilriBlHlK 1 

2 3rt^k' 1 9 ti+ v_ 1 <D^jj<D 

ttfcofc, fc5-#ttffS (k' +1) S@(DIM« 
1 1 9 N+k .<?5A*©l>i:o^Jox.e>*T/*o «^J*Bfc 

REIKI 2 3 l # 1 1 *N#S otA^d» l l 
9 N *3j;t^l 1 9 2N _ 1 {cHt>^oO«-^L^x.fettT 
^jfe^tfre, «*^^e>ftTV^4^A**- M£ft» 

[0 0 4 5] IftglHlKl 2 0 £!f&2c7)f|tjg[H]&l 2 3 
te, ^*>*"C, (N-l) AANffi^OEKfcJ&frr 
£0 ^k#iO«ffi^AM-M 1 2a k .i:M 
fcff-^tt, S2(7)H^^g[H]Komk , , k' +1, k* + 
2#B0W*#-MC, ff-^^a/8 : 1/8 : 

(1-a) /B<D\tX, [RlffiBI«^«:^fflSi-5 0 fcft: 

L, a : (1-a) 0§MtJfc-e«»tBAr So *fc, 

^^^^vy>-«^gasi 2 2^12 2^ 
*3»*tf«**r4>BL, m*^ri»i 19^119^ 

[0 0 4 6]»2 OfrglHlK 1 2 3 C0W^J^|^(DIh]K« 

$12, »iosiiKojgtt«^iBLfct)<oi:iai:-e*)S w 

» 2 COflfrBlH]^ 1 2 3C0Nf@Offl^H, H^ftS^T 
114a 1 -114a N SrftT^ h h y ^ ^ 

1 1 6\cmffi£tlX^Z> 0 

[0 0 4 7] ±&0 6 7<j]8Mj]<D\?-J*Mf$L® 

ot« 0 ^f)^Bl3a-il3cl^to 
fcc tHWallSl 2 OO-5T^m^Ba«H08 a 3^(20 8 
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flifc*. 01 3 aH2l 3 c!3\ ffifltlHlBl 2 0O"ST 
*«##E»1 18 l( 1 1 8 2 , 11 8 3 rtcOpT^ffi 
«*©R£tt/3*'*7*-*fci!K /3&Oj&>£>180 

n>^ h Lfc4>O-Cfc^ 0 HI 3 a^^ye-AO* 
[Rltt-3 0 o H-4 8. 6° , HI 3 b-Ctt^^ytT 
^<0*|r|W:-14. 5° d>e>-3 0° , HI 3 ct?tt 

14. 5 0 4*6-14. 5 0 <oiem-?&<ki-zzktfit> 

13a, Bl3b, |13c^t^fc5i:#i 
[0048] H 1 4 a £Hl 4 b\CYt s Hi 3{C^Lfc 

X«*^BB»^^ttlt^0 : lfcSV^l : 0t45» 

= o° xiii8 0° oii^^r^x^JWttJUS^* 

COffiT, HPfe, @R©tM*tt6. 0 2-6. 8 7d 
B-Cfo^o Hl4b^6H> WKl/^»«^ 

S^/H4J=0° *fcttl8 0° t£:*o^T-2 4 dB 
-C*>*#, 0 = 90° -rfcfc*>4>EJt 1 : lfcftSOl* 

[0 0 4 9] £JLb, '*h7—?VV*X%%mi<tz, fcf 
-AjfeatRTtB* (N-2) hf-^N^ffl^v/^tr- 

[0050] ell* tr-A*ai£BriB4, /<h?-^h3 
SrfiJJBLfc (N-i) br— ANiH^fflov/^fcr 

[0 0 5 1] 



t>, «^tfl?liffill(0»&|ctt, jfi3-4dBi/hSfc 
[BffieffWftttH] 

[HI] 7 x-X KT l/-|^(t 5 t - AM^Il^ 

[H2] v/uf A 7 x - X KT y r t (7)-i 

[13] 8AA8ffl*^h9- *hy**0>EKflWS 
SrSLfcB-t?*>*o 

[H4] 8A*8ffiA^h7- ^hy^^^^O^ 

snssoor^^fcr— A^^^sr^bfcH-e**. 

[85] 8*^-o^h9-^by^^liiJ:t)»e>ti5a 
fiffi«^**:*LfcHt?*)So 
[86] H5Ojgj^ffi^*^^1-^8A^8ffl^C0 

[8 7] *»«o»lo|^o»JB«o-flSr*Ufcia 

[88a] »r*mA»E»«>-*a«Sr*LfcH"e*) 

So 

[88 b] 9^/w*^y^«*^B»S:fflv^«r«** 
#e»<0SU©*ja«fc*LfcBT*>5. 
[88 c] H8 a*fcttB8 b©EJ8©eai»ttSr*L 

[89a] H70lHlBl-J:^«^$ti57yx^b^A 
lf-A*aE«tt«r*LfcH-eS) 

[89b] 87<o[iiis^j:9fl|rt*ix5T>7 t ^K > -A 

6 G 

[89c] m7<D®mz£Vm&L£flZ>T>Ti'}?-M> 
[89 d] H7^)lH3B^J;i9«^$^^ryy 1 ^bf-i, 

So 

[Hioa] m«iaisrt^«tt«»R3e«[«)»i2fc#5 
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[Biob] SiWKp-^i/^/k tr-A^iWB 

[Ull] H7^WtSH«tttt»l 148,-114 
a N |CR3fei-4KfcoV^r4, 8, 16^(D/^7- 

[0i2] ^mm<Dm2(Dmm<ommm<o-m^Lft 

[013 a] Ell 2<D®mz£*>mj&£tlZ>T> J r1-\? 

[Hi 3 b] mi 2<D®mz£.*)mi$£ti2>TyTi-\f 

[ii 3 c] mi 2<&@fcfcj;0«^£ftsr>'x^ 

[mi 4 a] mmmmftmmum&mnmfciti 
[ni 4 b] im kd-^^/k br— A^ntgo^ 

[^-g-olftW] 

id, ioi ai -ioia M mn&mim 

102, 1 0 2 ai -102a M 1: N«^^>6fl«§ 

103^103, «raEffi«* 

103 ai -103a M , 103b W^fiffi^^T U 



104 1 ~104 N , 104b 1 -104b N m*T 
10 5 a&o^firfs® 

i o 6 WBwitfr* ft (ryrt^y^o* 
AO 

10 7 TVx^OIES*-f^ 

1 0 8 X -1 0 8 M nr3E«*»^)TU- (N*^) 

109 ^y^n^^v/ayiUK 

1 1 0 X -1 1 0 N M : 1 

1 1 i x ~i i i N myites 

112 1 ^112 B , 112a 1 -112a N , 112 

b Sji^«^A^^- h 

1 1 3, —1 1 3 12 9 0° M^JyK 

1 1 4 ! - 1 1 4 16 H^firfSSi 

1 1 4 a l - 1 1 4 a N HSffiffi# 

HS^llSg, 1158^1153^ 115 

b 19 I15b 2 KH«fi*fflA*- h 

116 8m*<D'<h7—^h!)?X 

1 1 7 e«7^ Hsm^<Oy<hy— r hV?x 

iis^iis^ nr*«;tj#E# 

119^119^ 119^119^ nJl&fc 

m 

12 0 WftlBlHg 
1 2 1 ^SSfei 

122, 122,-122^ w^yyytM 

123 m2(^SflBlH3S§ 
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102 103^ 104^ 




7 1 -X K7" IC* If * kf- A£*<BM3 €BWBr * 23 
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